Introduction
The term 'heavy metals' mostly refers to those metals having specific weights more than 5 g/cm 3 [1] . These metallic elements have relatively high density however; being a heavy metal has more to do with their chemical properties [6] . About 40 different metals have been put into this category and they are mostly found dispersed in rock formations. Increased industrialization and urbanization has led to increased levels of heavy metals in the environment. Heavy metals are most often found in soil and aquatic ecosystems and to a lesser extent in atmosphere as vapors. Certain heavy metals are required as trace nutrients by the animals and human body [2] . Heavy metals like Zn and Cu act either as activators for enzyme catalyzed reactions [3] or as prosthetic group in metalloproteins. As essential nutrients the heavy metals are required in redox reactions, electron transfer and also play structural roles in the metabolism of nucleic acids. Heavy metals like Cd, Hg and As may prove to be fatal to metal sensitive enzymes and can lead to growth inhibition and even death. Based on coordination chemistry the heavy metals are regarded as class B metals that are non-essential and extremely toxic trace elements [4] . Heavy metals like Ni tend to accumulate in the environment and are difficult to break down or metabolize. These heavy metals are taken up by the primary producer and enter the ecological food chain and then reach to the consumer level. Heavy metal ions mainly enter the plant body through roots. Heavy metals may also be absorbed through leaves by particles deposited on the surfaces of the leaves. Plants in aquatic ecosystems are wholly exposed to the heavy metal ions dissolved in water. Human body may acquire heavy metals through direct inhalation or ingestion. Inhalation of heavy metals is mainly due to increased pollution resulting from excessive industrialization, urbanization, waste incineration and agricultural activities. Most of these heavy metals like Cd, Ni and Cr are carcinogenic. They
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also pose a number of health hazards to humans such as Cd intake can lead to itai-itai disease, mercury accumulation may cause minimata disease and As intake through contaminated drinking water can cause poisoning [5] . Some of the important heavy metals include lead (Pb), cadmium (Cd), zinc (Zn), mercury (Hg), arsenic (As), chromium (Cr), silver (Ag), iron (Fe), copper (Cu) and elements of the platinum group.
Environment means the set of circumstances in which an organism or a group of organisms lives. It includes the combination of external physical conditions on which the growth and survival of an organism depends [6] . The environment includes the flora, fauna and the abiotic components and encompasses aquatic terrestrial and aerial habitats [7] . Any substance that has a deteriorating effect on the environment and impairs the quality of life can be regarded as a pollutant. Any such substance that is present in the environment beyond a certain limit can have serious and long lasting effects on human health [8] .
Biotoxicity of heavy metals
The term 'biotoxicity' applies to the adverse effects of heavy metals on human body when consumed above the recommended levels. Heavy metals like lead, arsenic, cadmium, zinc, mercury, copper and aluminum exhibit some common signs of toxicity such as diarrhea, gastrointestinal disorders, tremors, vomiting, paralysis, stomatitis, depression, convulsion and pneumonia [9] . Heavy metal accumulation can have a wide range of effects from toxic, neurotoxic and carcinogenic to mutagenic or teratogenic [8] . Some of the most extensively studied effects of heavy metals are related to lead, cadmium, mercury and arsenic. The World Health Organization (WHO) regularly reviews the effects of these metals on human health. Despite the awareness about the harmful effects of heavy metals, the exposure to heavy metals continues to increase particularly in less developed countries.
Sources of metal pollutants
Several human activities are responsible for the continuous rise in the concentration of heavy metals in the environment. In the 20 th century cadmium emissions have increased dramatically because cadmium containing products are not recycled and are mostly thrown away with household waste. Cadmium compounds are also extensively used in rechargeable Ni-Cd batteries. Cigarette smoke is the main source of exposure in smokers. In non-smokers, exposure mainly occurs through food contamination. Mercury exposure mainly occurs through food of which fish is the major source. Lead exposure occurs through air and food in equal proportions. Lead emissions mostly occur through petrol. Lead based paints and food containers are also sources of lead exposure. Arsenic exposure also occurs through food and drinking water. Arsenic exposure may also occur during occupational activities. Exposure to arsenic can be the source of skin cancer and lung cancer [10] . Fig. 1 shows routes of exposure of humans to heavy metals. 
Effects of copper accumulation on human health
Copper is required in trace amounts by the human body for the functioning of many cellular enzymes. It acts as a catalytic cofactor for many enzymes catalyzing redox reactions, iron absorption, mitochondrial respiration, elastin crosslinking and scavenging of free radicals. However, excess of copper ions can cause damage to cellular components. Thus the amount of copper in the cell is maintained through a delicate balance between the uptake and efflux of copper ions [12] . Copper in the environment does not break down easily and can also prove to be bioaccumulative and toxic [25] .
In vitro and cell culture studies show that copper is the cause of oxidative damage in cells. Oxidative damage is initiated due to chronic Cu overload resulting from accidents, environmental exposure and occupational hazards. This related oxidative damage has been shown to be the cause of neurodegenerative disorders and abnormal Cu metabolism [13] .
It has been shown through experimental toxicity studies that consuming water with only 3 mg of Cu per liter can cause gastrointestinal problems with symptoms of nausea, diarrhea and vomiting [14] . Consuming excess of copper salts particularly copper sulfate can lead hepatic necrosis eventually causing death. However, no relationship between copper exposure and cancer has been established so far through epidemiological studies [15] . Hematological effects of copper may be more pronounced in people with deficiency of glucose-6-phosphate. However, the magnitude of risk is still unknown.
Wilson's disease
Accumulation of large amount of copper in liver, kidneys, brain and cornea leads to Wilson's disease. In this disease serum ceruloplasmin is low while unbound copper is elevated. Wilson's disease is characterized by high urinary excretion of copper. Excessive accumulation of copper in liver, kidneys and cornea are responsible for the clinical abnormalities of the disease. Accumulation of copper in the brain also occurs because of which the disease is sometimes referred to as the hepatolenticular degeneration. The biliary excretion of copper is also affected in such patients, which is believed to be the main cause of copper overload in the body. It has been found that liver is the main culprit in the disease because liver transplantation leads to a reversal of the abnormal copper metabolism. Genetic studies have revealed a linkage between Wilson's disease locus (WND) and the erythrocyte esterase enzyme D, showing that the defect might be in chromosome number 13 [16] . The abnormal gene product, WND protein, harness the energy stored in ATP and couples it to the transport of cations. It is thus responsible for the secretion of copper from the hepatocytes into the biliary canaliculus [17] . The clinical manifestations of the disease are highly variable which is explained through several different polymorphisms associated with the disease. Elevation in serum copper can lead to the initial diagnosis of the disease but it must be further confirmed through elevated amounts of copper in the liver and biopsy of the liver. Normal range of copper in liver is 15 to 55 µg/g while in Wilson's disease it may be as high as 300 µg/g [18] .
Indian childhood cirrhosis (ICC)
ICC occurs mostly in children. It is characterized by a progressive liver disease causing jaundice. Diagnosis is usually done through liver biopsy. Two most important symptoms of the disease are brown orcein staining (copper) and intralobular fibrosis that ultimately leads to inflammation and portal cirrhosis [19] . The suspected cause of this disease is contamination of bottle feed with copper due to storage in brass vessels. However, epidemiologic studies have shown that an autosomal recessive genetic component is responsible for the disease. This has been suggested because of high consanguinity among the affected individuals and occurrence in families [20] .
Idiopathic copper toxicosis
Also known as non-Indian childhood cirrhosis is known to occur in some western countries and is quite similar to ICC [15] . The largest number of cases has been reported in the Tyrol region in Austria. People of this region also stored milk in copper vessels. And replacement of these vessels has been shown to decrease the incidence of the disease. Cases of idiopathic copper toxicosis have also been reported in other parts of the world due to increased copper in drinking water [21] .
Despite the fact that excess accumulation of copper causes adverse effects on human health, a deficiency of copper can also lead to oxidative damage in the cells. Many nutrients are known to interact with Cu and change its cellular effects. Cuinduced damage in the cells can be protected through Vitamin E. Animal studies have shown that ascorbic acid is also protective against Cuinduced damage. Excessive uptake of copper into the cells can also be prevented by consuming high amounts of zinc and ascorbic acid. Cu is removed from its binding site by zinc, thus preventing free radical formation. Certain other compounds such as beta-carotene, polyphenols and alpha-lipoic acid are also known to reduce oxidative damage caused by Cu. However, much research is needed to completely elucidate the cellular effects of this potentially toxic but essential trace metal [13] .
Effects of lead accumulation on human health
Lead is an important metal that is known to be highly toxic but is still used extensively in industries such as printing, pigment manufacturing, storage battery manufacturing, photographic materials and petrochemicals [26] . Lead contamination from these different industrial sources are significantly damaging to the environment. Lead through water can enter into the nutritional chain and pose serious threats to human health [27] . Exposure to inorganic lead can have toxic effects ranging from subtle forms to over effects [22] . Toxic effects of lead have been observed on a variety of organ systems. Most sensitive effects have been observed on the nervous system particularly in children and infants [23] . Occupational or accidental exposure in adults can lead to peripheral or chronic nephropathy. However, the most critical effect of lead toxicity in general public is hypertension. Most important indicator of lead exposure is its effect on the heme system, but mostly lead induced anemia is uncommon without other noticeable effects. Other organ system that may be affected due to lead exposure include gastrointestinal tract, skeletal and reproductive systems.
Neurological and developmental effects in children
Children with high lead exposure, typically at blood lead levels of 80 µg/dL or more, may lead to encephalopathy. Initial symptoms of lead encephalopathy include vomiting, lethargy, irritability, dizziness and loss of appetite. This can then lead to ataxia and a drop in the level of consciousness ultimately leading to coma and death of the patient. The pathological effects studied through autopsy include sever edema due to leakage of fluid from the brain capillaries. The neuronal cells tend to decrease in number while the glial cells increase. Recovery is slow and the patient often develops epilepsy, mental retardation and in some cases blindness also occurs due to optic neuropathy [24] . In the past 20 years many cross-sectional and prospective studies have been performed that relate the levels of lead in the blood during infancy and early childhood to psychological, cognitive and other behavioral outcomes [23] . Through these studies it has been reported that a 2 to 4 point decrease in IQ level occurs with every 10 micorgram-per-deciliter increase in blood lead level within 5 to 35 µg/dL range. However, a threshold cannot be defined through these studies. It is also difficult to state that increased lead exposure causes neurological deficits. No specific indicators of neurological effects of lead have yet been defined. Children with lower socioeconomic status show language deficit usually at 2 years of age, and it can be prevented through better academic facilities. High levels of lead in the blood during infancy and childhood can later be manifested in older age as smaller attention span, difficulty reading and failure to graduate [28] . In teenagers blood lead levels greater that 20 µg/dL have been associated with changes in hearing threshold [29] . Different degrees of abnormalities in neurobehaviour have been found in adults with occupational exposure to lead [30] .
Peripheral neuropathy
The most important aspect of lead toxicity has been peripheral neuropathy particularly observed in house painter and other people with occupational exposure to lead as foot drop and wrist drop. Schwann cells in the nervous system degenerate due to excessive lead exposure leading to segmental demyelination and axonal disintegration. Sciatic and tibial nerves may also be affected but sensory nerves are less affected than the motor nerves. Motor nerve dysfunction can occur at blood lead levels as low as 40 µg/dL [31] .
Hematologic effects
A number of hematologic effects have been associated with lead exposure. Microcytic and hypochromic red blood cells which are characteristic of iron deficiency have also been observed in lead induced anemia. In lead related anemia the reticulocytes also increase in number and have basophilic stippling. Two main causes of lead induced anemia are shorter life span of erythrocytes and impaired heme synthesis. The cell membrane of the erythrocytes becomes more fragile mechanically resulting in a shorter life span. This affect is also accompanied by an inhibition of Na and K dependent ATPases, however the exact biochemical mechanism is still unknown. Fig. 2 shows the effects of lead on the synthesis of heme. Most important effect seems to be on aminolevulinic acid dehydratase (ALA-D). coproporphyrin activity is also increased due to depression of coproporphyrin oxidase enzyme. The enzyme that is responsible for the incorporation of ferrous ion into the porphyrin ring i.e. ferrochelatase is also suppressed by lead. Since iron cannot be incorporated into porphyrin ring, the heme synthesis decreases. Thus more protoporphyrin is formed which is incorporated into the hemoglobin molecule in place of heme. When such red blood cells having protoporphyrin circulate in the blood, the zinc ion gets chelated at the place which is normally occupied by iron. This zinc containing protoporphyrin is fluorescent and can be used to diagnose lead toxicity. Since delta-aminolevulinic acid synthesis is controlled by negative feedback mechanism, less heme production leads to increase in the activity of this enzyme. Consequently more aminolevulinic acid (ALA) is produced while at the same time the activity of ALA-D decreases. This results in an increase in the urinary excretion and circulating blood levels of ALA. Studies on experimental animals indicate that lead exposure also increases the activity of heme oxygenase activity due to which bilirubin formation increases. The change in the activity of these enzymes occurs in a dose related manner with lead exposure, but anemia only occurs at very high levels of exposure [31] . 
Renal toxicity
One of the oldest known effects of lead exposure is lead nephropathy [33] . However, with the decrease in exposure of lead at work place and sensitive biological renal toxicity indicators, lead nephropathy is now decreasing. Lead nephropathy can be acute (reversible) or chronic (irreversible). In rodents lead has been recognized as a renal carcinogen. But it is not clear whether it is carcinogenic in humans or not. Acute lead nephropathy only causes morphological and functional alterations in the proximal tubular cells [34] . Clinical manifestations of lead nephrotoxicity are aminoaciduria, glycosuria and decrease in energy dependent ion functions. These functional changes are believed to be due to the effect of lead on mitochondrial respiration and phosphorylation. Studies involving animal models and biopsies of children suffering from lead toxicity indicate that the ultra-structure of mitochondria is impaired and they have distorted cristae. State III respiration has been shown to be decreased in rat models that were poisoned with lead. Treatment with a chelating agent can help reverse these changes. One of the most important microscopic features is the appearance of lead-protein complexes as inclusion bodies in the renal tubular cells. The protein in these complexes is acidic and mainly consists of aspartic and glutamic acids and small amounts of cystine. It has been lead has affinity for the carboxyl groups of the acidic amino acids [35] . In kidney cells grown in culture, lead forms inclusion bodies in the cytoplasm which then migrate to the nuclei [36] . When renal tubules degenerate and interstitial fibrosis increases in severity the inclusion bodies in the nuclei become less common.
Chronic lead nephropathy is characterized by increase interstitial fibrosis which is associated with asymptomatic renal azotemia and decrease in the rate of glomerular filtration. No specific biomarker of lead renal toxicity is yet known. Chronic interstitial nephropathy occurs with prolonged exposure to blood lead levels more than 60 µg/dL [37] .
Evidence also shows that lead impairs the heme-containing enzyme systems which are responsible for the metabolism of Vitamin D in the kidneys. The conversion of 25-hydroxyVitamin D to 1, 25 dehydroxy-Vitamin D requires a heme containing hydroxylase enzyme in the kidney. This reaction is essential for the synthesis of Vitamin D. Vitamin in turn is required for the absorption of calcium in the gastrointestinal tract [38] .
Gout nephropathy
High lead exposure leading to gouty nephropathy has been known for a long time. The exact metabolic mechanism leading to raise in blood uric acid levels is not known. However, it has been observed that patients with both gout and renal diseases have more lead excretion than patients without gout but with lead induced renal diseases [39] .
Effects on cardiovascular system
The relationship between lead exposure and hypertension is not yet fully established. There are contradictory results from many researches regarding a causal relationship between lead exposure and blood pressure. Changes in the plasma rennin and urinary kallikerin, changes in the calcium dependent functions of vascular smooth muscle cells due to reduced Na/K ATPase activity, effects on Na/Ca exchange pumps and alterations in response to catecholamines have been suspected as the possible mechanism for the effect of lead on blood pressure [31, 40] .
Immunotoxicity
Studies have been performed on workers with occupational exposure to lead which indicate that lead is immunosuppressive. Lead may cause a decrease in the immunoglobulins and other components of the immune system. Polymorphonuclear lymphocutes may show changes in chemotaxis in workers with 33 µg/dL of blood lead levels [41] . Peripheral B-lymphocytes may also decrease in number [42] .
Effects on bone
Skeletal mass including lead is regulated by four types of cells namely osteoblasts, osteoclasts, osteocytes and lining cells. These cells are essential for the formation of matrix, mineralization and resorption of bone. They from the lining of the mineralized bone matrix and also penetrate into it. Bone cell formation may be altered due to lead toxicity either directly or indirectly. The mechanisms that govern influx and efflux of calcium from bone such as calcitonin, parathyroid hormone, Vitamin D and other hormones influencing calcium metabolism are also thought to be responsible for the mobilization and retention of lead in bone [43] . Gastrointestinal absorption of calcium is also competed by lead [44] . Exchange can occur between the lead in bone and blood lead. It has been shown that lead in bone accounts for 45% to 70% of blood lead in women of childbearing age. Similarly almost same percentage of lead has been found in fetus which is thought to be originating from the maternal skeleton. Mobilization of lead from the bones also increases with pregnancy and lactation paralleled by an increase in blood lead during prenatal period [45] .
Reproductive effects
Lead toxicity has also been found to be associated with sterility and deaths during the neonatal period [46] . Animal studies have revealed gametotoxic effects in both males and females. Workers having blood lead levels more than 60 µg/dL show more chromosomal defects as indicated through clinical studies. Blood lead levels as low as 40 µg/dL can cause reduced sperm production, impairment of sperm motility and morphology [47] . Testicular endocrine function is also reduced in smelter workers with prolonged lead exposure [48] .
Birth outcomes
It has been suggested that prenatal exposure to lead may increase the risk of preterm delivery. Gestational period and birth weight may also be reduced due to increase in the blood lead levels of the mother [49] .
Effects of cadmium accumulation on human health
Cadmium is a highly toxic heavy metal and has been extensively used in pesticides, fungicides and herbicides. Through these routes cadmium can enter into the food chains and adversely affect humans and animals [50] .
Effects on kidney
Cadmium is an environmental pollutant that is persistent and widely spread [51] . The accumulation of cadmium in body exhibits the most adverse effects on one of the most critical organs of the body i.e. kidney [52] , by ingestion or by inhalation [53] . Kidney dysfunction occurs due to long time exposures of cadmium by a protein called metallothionein [54] , which is responsible for carrying cadmium to the kidney and it also provides intracellular protection against toxicity of cadmium. As the effect occurs at low levels of exposure, so it is considered as a critical effect [55] . In humans, cadmium can cause a decrease in glomerular filtration rate and can also cause damage to renal proximal tubule.
Cadmium binds to serum albumin after gastrointestinal absorption and gets accumulated in liver. In liver it gets complexed with metallothionein-1, which has high affinity for cadmium. Thus the complex called Cdmetallothionein-1 reaches to the kidney and here it gets filtered and then accumulated in proximal tubule. The cells of proximal tubule carry transporters for bounded and free forms of cadmium and thus interfering with the functions of tubules [56] . Thus in kidney tubules, the amount of cadmium increases with increased life span. As a result the increased load of cadmium on kidney leads to the increased risk of kidney stones. Cadmium induced kidney damage has been correlated with urinary cadmium excretion. A degree of 4% renal tubular damage occurs due to the urinary excretion of 2.5μg cadmium per gram creatinine [57] . Fig. 3 shows cadmium handling in human body.
Figure 3. Cadmium handling in human body [77]
Cadmium is excreted through urine and feces [77] .
Retinol-binding-protein (RBP), N-acetyl-α-D-glucosaminidase (NAG) and urinarily excreted β2-microglobulin are the primary biomarkers of kidney damage [58] . A study named ChinaCad-study showed that higher values for RBP and β2-microglobulin are more prevalent in people with increased blood cadmium as compared to the people with normal values [59] . 95% of cadmium is taken up with drinks and food. 30 μg additional intake of cadmium has been observed in an average smoker [60] . Factors such as low intakes of calcium, Vitamin D and trace elements such as copper and zinc can increase this amount [61] . Dietary cadmium intake increases by increased fiber diet [62] . Deficiency of iron is the most important metabolic factor for the uptake of cadmium. A study showed that there is 6% higher intake of cadmium in people with low iron stock as compared to those with balanced iron stock [63] . That is why people with iron deficit and anemia have higher cadmium resorption. In gastrointestinal tract, the expression of a metal ion transporter called DCT-1 is stimulated by low iron blood levels, which serves as a gate for resorption of cadmium [64] .
Effects on bone
Studies of 20 th century showed a relation between bone damage and cadmium intoxication [65] . Cadmium affects the bone directly. Symptoms such as increased rate of osteoporosis, high rate of fractures, low bone mineralization and intense pain in bones come under a disease called Itai-Itai, is also associated with cadmium. A study on Japanese people showed that cadmium contaminated rice diet causes itai-itai disease [66] . Bone damage also occurs in people who work in cadmium polluted dust and fume [67] .
Effects on gastrointestinal tract
Acute GI effects such as diarrhea etc. are caused by cadmium contaminated food intake [68] . Cadmium contaminated air inhalation severely affects respiratory system. Acute pneumonitis also occurs due to high concentration of cadmium fumes [69] . Cigarette smoke is the main source of cadmium intoxication. 40-60% of cadmium present in tobacco smoke is resorbed by human lungs. Generally smokers have 4-5 times cadmium blood levels as compared to non-smokers. A life-long smoker has 30 mg of cadmium whereas a non-smoker has 15 mg of cadmium. "Acute respiratory distress syndrome" (ARDS) has been reported in workers who work in cadmium-containing fumes environment.
Carcinogenicity
Cadmium, a toxic heavy metal, is also responsible for causing cancer. Plastic and pigment stabilizers, mining, manufacturers of nickelcadmium batteries and metallurgy industry are responsible for causing cadmium pollution in environment. Food, water, cigarette smoke and air contaminations are the main sources of human intoxication. Cancers of lungs, testes and prostate have been associated with cadmium exposures in humans. Acute cadmium exposures cause harm to these organs.
Other effects
Chronic intoxication is related with emphysema, immune suppression, bone disorders, obstructive airway disease and irreversible renal failure. Cadmium also affects differentiation, proliferation and causes apoptosis at the cellular level. International Agency for Research on Cancer (IARC) has classified cadmium as a carcinogen. DNA damage and production of reactive oxygen species (ROS) result due to indirect effects of cadmium. Cadmium also interferes with DNA repair and reduces the functions of proteins that are responsible for antioxidant defenses [70] .
Cadmium administration in animals causes tumors of multiple tissues or organs. Cells transformation also results due to cadmium exposure. Studies showed that a causal relation has been found between lung cancer and cadmium exposure. It causes cancer by many mechanisms such as oxidative stress induction, inhibition of DNA damage repair and apoptosis and aberrant gene expression. Some incidences have indicated that cadmium carcinogenesis is caused by oxidative stress due to its involvement in apoptosis, DNA damage repair inhibition and aberrant gene expression [71] .
Cadmium is a very strong toxic heavy metal and in nature it can't be destroyed. It causes aberrant DNA methylation. Epigenetic effects of cadmium are DNA methylation reduction and low regulation of methyltransferases [72] .
Some studies have shown that low level exposure to lead and cadmium may be responsible for causing hearing loss. As previously explained that exposure of cadmium causes apoptosis and changes the procedure of receptor cells present in inner ear thus resulting in increased auditory thresholds. Thus in order to avoid cadmium efforts should be done to reduce cadmium in environment [73] .
Cadmium is present in higher concentrations in tobacco leaves and studies have revealed that cadmium level in human cataracts is much higher as compared to normal lenses [74] . Studies have shown that the increased presence of cadmium concentration in smokers is associated with cataracts presence. Cadmium concentration is higher in lenses and blood of smokers than nonsmokers. The cadmium accumulation in the lenses of smokers with cataracts is much higher as compared to non-smokers [75] .
Effects of arsenic accumulation in human body
Arsenic is a global heavy metal present in low concentrations virtually everywhere, in rocks soil, air, and water [76] . Compounds of arsenic have been used in the treatment of trypanosomaiasis, amoebic dysentery, yaws and syphilis for at least a century. It is also used in the treatment of African sleeping sickness [77] . Fig. 4 shows exposure to arsenic via food stuffs and drinking water; Ingestion of arsenic causes arsenicosis and it occurs due to consumption of contaminated water for several years. Many studies have shown relationship of chronic arsenic exposure with chromosomal abnormalities, diabetes, carcinogenic effects, skin disorders, neurological diseases, hypertension, cerebrovascular events, cardiovascular diseases, blackfoot diseases and peripheral vascular disorders. 
Effects on skin
Skin pigmentation developed abnormally in black brown color called melanosis, occurs due to drinking contaminated water having low arsenic concentrations. Keratosis is a disease in which soles and palms become thicken and as a result painful cracks appear due to arsenic contaminated water [78] .
Diabetes and arsenic
Studies have found an association between type 2 diabetes and arsenic and the arsenic exposure over 50 μg/L in drinking water shows greater risk of type 2-diabetes. People who drink water having highest concentration of arsenic for a time period of more than ten years, are at greater risk of type 2-diabetes [79] .
Neurologic effects
Arsenic exposure also causes neurological diseases. Methylated arsenic as well as inorganic arsenic accumulates in the pituitary and in many parts of brain. During development arsenic in high concentrations, a teratogen, crosses the placenta and causes defects in neural tubes and induce lying off growth. Ingestion of chronic arsenic causes mood disorders and changes intelligence measures. During childhood, exposure to arsenic causes change in cognitive function especially memory and learning [80] . According to researchers, there is a 0.4% decrease in IQ of children who have been exposed to arsenic [81] .
Anemia and arsenic
A recent study done in Bangladesh showed that there is a relation between anemia and arsenic exposure. So the risk of anemia increases if the arsenic exposure increases, thus causing blunted development and growth [82] . In adults, exposure to arsenic causes poor grading in tests, poor spatial and visual skills exhibiting cognitive dysfunction showing early indications of Alzheimer disease [83] . Studies have proved that 10.6 μg/L of arsenic exposure has worse effects on cognitive assessment than individuals exposed to 6.5 μg/L [84] .
Effects on kidneys
Arsenic accumulation also causes damage to kidneys. In kidneys, pentavalent arsenic gets converted into highly toxic and more soluble trivalent arsenic. In kidneys it causes damage to glomeruli, tubules and capillaries. Hematuria occurs due to the dilation of glomerular arterioles and proteinuria occurs due to the damaged proximal tubules. Severe arsenic poisoning causes dehydration and it increases the risk of renal failure. Acute tubular necrosis is caused by arsenic induced hemolysis.
Other effects
Low doses of arsenic inhalation causes heartburn, dry throat and mouth, moderate diarrhea, cramps and abdominal pains whereas ingestion of chronic arsenic in low dose produce colitis or gastritis and esophagitis without showing any symptoms of gastrointestinal irritation.
Studies done in Bangladesh, India and Chile have shown that there is a relation between non-malignant respiratory effects and arsenic ingestion. Studies from the regions that are affected with arsenic such as Argentina, Chile and Taiwan have shown increase in the death rate by lung cancer. Milton et. al, has demonstrated that there is a relation between chronic bronchitis and ingestion of chronic arsenic, in his cross sectional study done in Bangladesh.
Patients suffering from Blackfoot disease have increased death rates due to increased death rates by ischemic heart disease. Blackfoot disease occurs due to arsenic accumulation, is a peripheral atherosclerosis in which the lower limb's blood vessels get severely damaged leading to dry gangrene. Recent reports have showed that health effects including polyneuropathy, bronchitis, nasal septum perforation, noncirrhotic portal fibrosis and peripheral vascular disease occur due to high arsenic levels in drinking water.
In addition to lung cancer, there is an increased risk of bladder, colon, kidney, liver and skin cancer due to arsenic exposure as summarized in fig. 5 [85] . Studies done in Chile have reported that 50 μg/L arsenic in drinking water causes skin cancer as well as internal organs cancer, if used for longer durations [76] . 
Effects of zinc accumulation on human health
Zinc is relatively less toxic to humans as compared to other toxic heavy metals [86] . 2-3 g of zinc is present in human body and our bones and muscles contain nearly 90% of zinc [87] . Some estimable zinc concentrations are present in other organs such as pancreas, heart, brain, lung, skin, kidney, liver, prostate and the gastrointestinal tract [88] . If the level of zinc in drinking water exceeds 5 mg/L then it may cause brain, gonads, liver and respiratory disorders [89] . In nucleus i.e. on cellular level, 30-40% of zinc is present and in the cytosol 50% of zinc is located and the rest of it is found in membranes [90] .
Zinc enters into the human body by three main routes; i.e. by ingestion, via skin or by inhalation [91] . Fig. 6 shows the comparison between effects of zinc deficiency and zinc excess [92] .
The ingestion of zinc in small amounts is necessary for survival. RDA has approved 8 mg/day of zinc for women and 11mg/day for men [93] . If taken in greater amount such as 225-400 mg, then it induces vomiting, nausea, abdominal pain, dizziness, anemia and lethargy [94] . Ingestion of zinc containing tablets for six weeks, such as zinc sulfate, that contain elemental zinc up to 150 mg, causes nausea, vomiting and abdominal cramps [95] . Zinc gluconate and zinc oxide also have same effects on gastrointestinal tract [96] . Studies have shown that there is an association between copper deficiency and uptake of high zinc supplements [97] . This association is thought to be caused by combative absorption relationship of copper and zinc within the RBC's, moderated by MT. Large intake of zinc up regulates the expression of MT, as a result of which, MT has higher affinity with copper as compared to zinc. Thus MT binds with available copper ions and the complex formed is then released [98] . Deficiency of copper includes many symptoms such as abnormal cardiac function, increased plasma cholesterol, decreased superoxide dismutase, neutropenia, leukopenia, anemia, hypocupremia and weakened iron mobilization [99] .
Unlike other heavy metals, zinc is not thought to be a carcinogen. Leitzmann study has shown that there is an association between prostate cancer and intake of zinc in the form of supplements.
Intake of zinc containing supplements up to 100 mg/day didn't increase the risk of prostate cancer but the risk increases to 2.9 fold due to long term supplementation intake. This effect is not due to direct zinc carcinogenicity because incidence of cancer increases due to immunosuppression [100] .
Accumulation of zinc also occurs through skin but its mechanism is not yet clearly defined.
In order to study the zinc effects on human skin, a patch of 25% zinc oxide was left on human skin for 2 days but there was no affirmation of any type of dermal irritation [101] . Another study was done on guinea pigs, rabbits and mice and in this study zinc chloride proved to be a strong irritant [102] .
Effects on respiratory system
Metal fumes inhalation such as zinc oxide causes metal fume fever (MFF) [103] . It mostly occurs by inhaling zinc containing smoke produced by welding or zinc smelting [104] . Studies have found that MFF is not lethal and its effects disappear after 2-3 days. It includes many symptoms such as arthralgia, pyrexia, dyspnea and cough [105] . The major source of zinc chloride and zinc oxide is military smoke bombs. Another study has shown that 48 hour zinc chloride exposure causes a respiratory distress called 'adult respiratory distress syndrome' [106] .
Zinc and apoptosis
On cellular level, zinc is involved in taking decisions of life and death regulation. In apoptosis regulation, the definite mechanism of zinc is questionable. Various studies have shown that it can be either anti-apoptotic or pro-apoptotic, depending on zinc's concentration. Its excess and deficiency both can induce apoptosis. Studies have shown that when intracellular zinc is released, it causes neural apoptosis. So, it is also involved in neurodegenerative diseases and onset of Alzheimer's disease can also occur due to deregulated homeostasis of zinc.
Effects on immune system
Intake of 200-400 mg of zinc per day can disturb the immune functioning. Β-cells of pancreas have great amount of zinc as compared to other cells of the human body so, studies have found that there may be an association between diabetes and zinc. However many studies have described the role of zinc deficiency in diabetic patients but the exact mechanism is not clear yet [107] .
Effects of mercury accumulation on human health:
Increasing industrialization is constantly adding heavy metals to the environment. Because of the potential toxicity of heavy metals to humans and animal, the scientists have focused their attention to the fate of these metals [108] .
Effects of mercury vapors
Mercury vapors if inhaled at high concentrations can lead to acute bronchitis and interstitial pnuemonitis and can also adversely affect central nervous system causing tremors or increased excitability. Chronic mercury exposure can lead to serious impairments in the central nervous system. Initially the condition has nonspecific signs and is called micromercurialism or asthenic-vegetative syndrome. The clinical findings of this condition include tremors, more radioiodine uptake in the thyroid, thyroid enlargement, tachycardia, labile pulse, hematologic changes, gingivitis or increased urinary excretion of mercury. With prolonged exposure the condition may become more drastic starting from tremors of muscles performing fine motor functions like eyelids and fingers and may lead to trembling of the whole body. These changes are paralleled with personality and behavioral changes with memory loss, depression, increased excitability, delirium and even hallucinations. Two of the main features associated with mercury toxicity are gingivitis and salivation. Tremors, gingivitis and increase in excitability have been characterized as the three major symptoms of mercury toxicity resulting from inhalation of vapors of mercury [109] . Chronic exposure to mercury particularly during occupational activities can cause nephrotic syndrome and proteinuria. Mercury vapors released from dental amalgams may have potentially toxic effects on human health [110] . Mercury released from dental amalgams has been suspected to be the cause of increased urinary excretion of mercury and accumulation of mercury in organs such as the kidneys and central nervous system [111] .
Effects of mercuric salts
From toxicological point of view, the best known mercuric salt is the bichloride of mercury which is a corrosive sublimate. Oral ingestion of this salt can cause severe abdominal cramps, urine suppression and diarrhea [112] . Ingestion of mercuric chloride and similar mercuric salts can cause ulcers, bleeding and necrosis of GI tract that is often followed by shocks and failure of the respiratory system. Renal failure can occur within 24 hours after ingestion due to necrosis of proximal tubular epithelium that ultimately leads to anuria, uremia and oliguria. Tubular lining can be regenerated if it is possible to maintain the patient through dialysis. These changes subsequently lead to irreversible cell damage such as mitochondrial disruption, rupture of cellular membranes and release of lysosomal enzymes. Mercuric chloride if injected can cause necrosis of the epithelium of the kidney [113] . At the cellular level the plasma membrane is disrupted along with endoplasmic reticulum and disruption of other cytoplasmic membranes also occur. Ribosomal loss, degradation of polysomes, swelling of mitochondria with formation of intramatrical deposits and chromatin condensation are other changes that may occur during necrosis of renal cells [114] . Chronic exposure to mercury salts and mercury vapours even at low levels can induce immunologic glomerular disease. Proteinuria can develop in exposed persons which is reversible if exposure is reduced [115] .
Effects of mercurous mercury
Since mercurous mercury compounds are less soluble they tend to be less toxic than mercuric salts. Calomel a powder used in medicines contains mercurous chloride. It has been extensively used in teething powder for children and is now suspected to be the cause of acrodynia also known as the "pink disease". The disease occurs due to hypersensitive response of skin to mercury salts causing more sweat secretion, vasodilation and hyperkeratosis. Common symptoms in children include swelling of spleen, development of a pink colored rash, hyperkeratosis, fever and swelling of lymph nodes and fingers [116] .
Effects of methyl mercury
Most important health effects caused by mercury are due to environmental exposure to methyl mercury. Mercury toxicity due to short term alkyls produces unique but non-specific effects. Studies about epidemics occurring in Japan and Iraq have provided information about the clinical signs and neuropathology of methyl mercury toxicity [117] . Most important human health effects due to methyl mercury exposure are neurotoxic effects [118] in adults and fetal toxicity occurring due to maternal exposure to methyl mercury [119] . Fish is the major source of exposure to methyl mercury and affects brain. Clinical manifestations include parethesia (numbness around mouth and extremities), neurasthenia (weakness, fatigue and lack of concentration), ataxia (clumsy walk and difficulty swallowing), loss of hearing, tremors, coma and eventually death. Focal necrosis of neurons in the cerebrum and cerebellum occurs and they are replaced by glial cells. in most cases cerebral edema occurs but if the degeneration of grey matter occurs constantly, cerebral atrophy may result [120] . In utero exposure of fetus to mercury can lead to abnormal migration of neurons and disorganization of brain nuclei [121] .
Conclusion
The prevention from these heavy metals toxicity is necessary to maintain good health. It is necessary to identify heavy metal sources and then remove them to avoid any further disclosure. There are certain preventive actions to avoid these heavy metals direct exposure i.e. avoid dusty environment in homes as well as outside, use safe and clean water and also avoid smoky environment. There are so many preventive actions to avoid such products which contain heavy metals. It is very necessary to take various health safety measures to control and prevent heavy metals toxicity in homes, occupational level and in external environments.
